Polyacrylamide gel isoelectric focusing was used to study the buffer-soluble proteins of stigmatic homogenates of six S-allele genotypes in Brassica oleracea L.
INTRODUCTION
SINCE self-incompatibility has been shown to be genetically controlled by a multiple allelomorphic series of S-genes, a number of studies have been carried out to determine the nature of S-specific substances. In Brassica oleracea L., where self-incompatibility is determined sporophyticaily, Nasrallah et al. (1967 Nasrallah et al. ( , 1970 detected S-specific antigens in the stigmas by immunological technique, and suggested a unique band of basic proteins were ascribable to each S-allele by electrophoretic analysis. The presence of such S-specific antigens in stigmas was also supported by Sedgley (1974) .
In order to elucidate the nature of the specific proteins, separation of stigmatic extracts was attempted, using three methods of polyacrylamide gel electrophoresis.
MATERIALS AND METHODS
Six strains with different homozygous S-genotypes of Brassica oleracea L., described as 2, S7, Sj3, S22, S39 and S45, were kindly provided by Jr. N. P. A. From the open flowers, 50 stigmas were homogenised by a mortar and pestle with 01 ml phosphate buffered saline (0.OlM phosphate bufferpH 7.1 plus 8•5 gm/i of NaC1). The homogenate was centrifuged for 20 mm. at 10,000 r.p.m. and 20 si of the supernatant was introduced to each glass tube in every method of electrophoresis. The same technique was applied for the extraction of proteins from anthers, leaves and seedlings.
Protein separation was examined by polyacrylamide gel electrophoresis using three methods. The methods of Davis (1964) When isoelectric focusing was applied according to Nakai (1970) , a sample gel was laid on the 75 per cent acrylamide gel containing ampholine (pH 35-l00, LKB Co.), and the sample gel was faced to the anode side.
Anode and cathode vessels were filled with 002u HC1 and 002M ethylenediamine, respectively. Electrophoresis was carried Out under constant voltage, 200 V, for 3 hours at 5°C. The gels after running were immersed in l25 per cent trichloro-acetic acid for one night, and washed in 7 per cent acetic acid 4-5 times to remove ampholine. After being stained with the same solution as used in the other electrophoresis, they were de-stained with ethanol-water-acetic acid (25 65 : 10), and then kept in 7 per cent acetic acid.
To estimatepH values in different parts of the column, a gel column that was not stained, was cut into sequential pieces 5 mm in length. Five pieces at a comparable site of the five gels were immersed together into 5 ml distilled water for 24 hours and the pH values of the water were measured.
Isozymes of esterase, acid phosphatase and peroxidase in stigmas were also examined by isoelectric focusing. Esterase activity was detected by o-naphtyl acetate and Fast Blue RR salt at pH 70 (Nakai, 1970); acid phosphatase by disodium c.-naphtyl phosphate and Fast Garnet GBC salt at pH 50 (Nakai, 1973) ; and peroxidase by o-dianisidine at pH 43 and hydrogen peroxide atpH 65 (Yamamoto and Momotani, 1971 ).
RESULTS
Numerous protein bands were separated by the Davis method, but no discernible difference was observed between four homozygotes of S-alleles.
Using the method of Reisfeld et al., more than four bands were detected clearly, and their banding patterns were found to be different for each tested II,I fig. 1 ). These results agree well with those of Nasrallah et al. (1970) .
Isoelectric focusing from stigmatic extracts revealed the presence of numerous bands, ranging from pH 4 to pH 9. Bands at higher pH region were distinctly separated and their pattern showed genotype specificity as presented in plate I, fig. 2 example, had d, e,f, g, and i bands, while had e, g, h, i, and trace d, etc. The band e was observed in every homozygote. So far, in the six strains examined, all the 5-homozygotes were differentiated by the combination of these bands of basic proteins.
Stigmas of eight hybrid F1s between some of 5-homozygotes were also analysed by the isoelectric focusing. In general, the band patterns of the F1s were the combination of both the parents (fig. 3) . Two exceptional cases were however, recorded in hybrids S7S2 and 513S22 which showed the absence of d andf band, respectively. 394 TAKESHI NISHIO AND KOKICHI HINATA It is known in Brassica that S-allele specificity appears in mature stigmas but not young ones (Gonai and Hinata, 1971) . The basic proteins of stigmas were compared between young and old. Since the flowers bloom from the basal part of a raceme to the terminal part, flower buds were collected along each raceme, and divided into eight groups, 1-Vill, according to their position on the raceme. The group I represented open flowers and the group VIII had the youngest buds, which were expected to be 7 days before blooming. The number of stigmas per gel tube was equal in all groups. Stained tubes were measured by densitometer at 650 nm. Specific bands of S13, e, g, and h, were clearly observed in the group I but not in the group VIII (fig. 4) . The concentration of the specific bands increased rapidly in the bud stigmas of 2-3 days before blooming. Similar evidence of the appearance of specific antigens in mature stigmas has been presented earlier by immunological analysis (Nasrallah, 1974) . Extracts from anthers, leaves and seedlings of the homozygotes were also analysed by the isoelectric focusing, but genotype-specific differences were not recognised, so far.
An experiment was conducted to study the isozymes of three enzymes, esterase, acid phosphatase, and peroxidase by isoelectric focusing. So far as the zymograms of four S-homozygotes were concerned, zymogram patterns were similar between them, and the sites of the enzyme activities were found to be different from that of specific protein bands.
Discussion
Basic protein fractions in stigmas have been shown to be S-specific by Nasrallah et al. (1967 Nasrallah et al. ( , 1970 Nasrallah et al. ( , 1974 using immunological and electrophoretic analysis. They were able to ascribe a unique electrophoretic band to each of the genotypes, S2S2 and S3S3. Using different material, comparable electrophoretic patterns have been demonstrated in the present experiment by the method of Reisfeld et al. By this method the different bands were found to be located so close to each other, that some difficulty was experienced in the precise identification of band patterns between genotypes. The same stigmatic extracts were, therefore, subjected to the isoelectric focusing analysis.
With the present technique, the bands in the basic portion of gels were well separated, and the location of each band could be compared between S-homozygotes. S-allele specificity was ascribable to a combination of the bands and the parental combinations of protein bands appeared in the hybrid F1s. Further studies to relate the band patterns and the dominance relationships of the S-alleles are in progress.
The running distances of protein fractions in the polyacrylamide gel isoelectric focusing depend on the isoelectric point of the fractions and on their molecular sizes. The isoelectric points of the fractions are, therefore, said to be equal to or higher than the pH values indicated by the location in the gels. The protein bands under analysis can be inferred to be basic proteins.
There is the possibility that these protein bands are not S-allele specific but are products of the genetic backgrounds of the S-homozygotes. Similar patterns of zymograms were, however, found in stigmas of different Shomozygotes for esterase, acid phosphatase, and peroxidase. No discernible specificity was found in leaf and seedling proteins of different S-homozygotes • by the isoelectric focusing. It may be inferred therefore that background of the material was not so different between S-alleles. The protein bands focused in the present method appear in the course of the maturation of stigmas and the time of appearance coincided with the phenotypic expression of self-incompatibility (Gonai and Hinata, 1971) . The balance of evidence suggests, therefore, that some, if not all, of the fractions revealed by the isoelectric focusing are directly concerned with the specificity of S-alleles. Lewis (1960) showed that in Prunus the S-allele is composed of, at least, two cistrons. From his studies of species crosses in .I'ficotiana, Pandey (1969) proposed that S-alleles have a complex nature. If it is accepted that the S-allele produces several proteins and that S-allele specificity is expressed by a combination of the proteins, it can be postulated that new S-specificity is generated from intra S-allele recombination.
Generation of new S-alleles during inbreeding has been reported in Trfo1ium pratense (Denward, 1963) , in J\Iicotiana bonariensis (Pandey, 1970) , and in Lycopersicum peruvianum (De Nettancourt et al., 1971) . The suggestion that a new S-allele can be generated by the recombination of old S-alleles was first made by Fisher (1961) in order to explain the variability of S-alleles. The present results may provide experimental evidence for this line ofargument.
These observations will be elaborated much more by further studies on segregating offspring and on the physiological role of the protein fractions.
